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We report the results of micromagnetic simulations of domain wall (DW) nucleation and pinning/depinning processes in 
ferromagnetic planar structure consisting of nanowire (NW) with perpendicular anisotropy and special V-shaped nanoparticle (NP) 
with in-plane anisotropy located on top of NW. The magnetization reversal features of this system in an external magnetic field are 
investigated depending on the direction of particle magnetic moment. Possible variants of magnetic logic cells (LCs) based on such 
system are discussed.  
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I. INTRODUCTION 
Field–driven DW nucleation and controlled 
pinning/depinning processes in ferromagnetic NWs are the 
fundamental basis for the development of magnetic NW logic 
cells [1-13]. The information (logical "0" and "1") in these 
systems is encoded by magnetization direction in specified 
NW parts and logic computation is based on DWs motion in 
external magnetic field and their pinning/depinning at 
controlled gates. The promising variant of magnetic gates was 
discussed recently in Refs. [14-20] for planar NW systems 
with in-plane anisotropy. The main idea is the use of 
configurable stray fields generated by sets of bistable NPs 
placed near the NW to create controllable traps with variable 
DW pinning potential. These systems enable the realization of 
some LCs with different logical function [16-20]. An attempt 
to transfer this ideology at the planar system with 
perpendicular anisotropy has been made recently in Ref. [21]. 
Authors discussed the DW pinning in Co/Ni multilayer NW 
with perpendicular magnetization by magnetic stray field of 
permalloy rectangular NP (with in-plane magnetization) 
situated on top of NW. It was shown that the type of potential 
relief for DW motion and strength of DW pinning in NP stray 
field strongly depends on the orientation of NP magnetic 
moment relatively the direction of magnetization in adjacent 
NW domains. In the present paper we consider the 
peculiarities of DW nucleation and pinning in other system 
consisting of NW (with out of plane magnetization) and 
specially V-shaped ferromagnetic NP (with in-plane 
magnetization) located on top of NW. Possible application of 
this system for the realization of various LCs is discussed. 
II. NW-NP SYSTEM WITH RECTANGULAR NANOPARTICLE 
As a model NW-PN system we investigated planar 
structure consisting of multilayer Co/Pt NW with 
perpendicular anisotropy and Co NP with in-plane anisotropy. 
The micromagnetic simulations were performed using Object 
Oriented MicroMagnetic Framework (OOMMF) software 
[22]. In order to understand the main peculiarities of 
magnetization reversal processes we considered firstly simple 
NW-NP system with rectangular Со NP on the top of Co/Pt 
NW (Fig. 1(a)). This model system had the following 
geometric parameters: Co/Pt NW was 1000 ×100×10 nm3, Со 
NP was 200×100×10 nm3. Magnetization in saturation was 
MCo/Pt = 0.8 А/m and MCo= 1.4 А/m; parameter of anisotropy 
was КCo/Pt= 6  10
5 J/m3 and КCo = 0; exchange stiffness was 
АCo/Pt = 1.5  10
-11 J/m and АCo = 2.5  10
-11 J/m [23]. In 
calculations the sample was divided into elementary cells of 
5×5×1 nm3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The energy of NW-NP interaction consists of exchange 
and magnetostatic terms. The schematic drawing of NP 
magnetic stray field distribution (z-component, hz) is 
presented in Fig. 1(b). Since z-component of NP magnetic 
stray field coincides with direction of NW magnetization M

 
at the NP right edge and has opposite direction at the left edge, 
the magnetostatic interaction increases the magnetization 
reversal barrier near NP right side and decreases at the left 
side. On the other hand, it is known that the exchange 
FIG. 1. (а) Schematic drawing of model NW-NP system consisting of 
rectangular Co NP with in-plane magnetization and Co/Pt NW with 
perpendicular magnetization. The magnetization in NP and NW is 
indicated by white arrows (b) The normed distribution of rectangular NP 
stray field (hz) along the NW x axis. 
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interaction between Co/Pt multilayer structure and covering 
Co film leads to the formation of noncollinear magnetization 
[24]. It can be used to control the dynamics of remagnetization 
in NP-NW system. The micromagnetic simulations shown that 
the exchange interaction between Co NP and Co/Pt NW leads 
to the distortion of NW and NP magnetization (see Fig. 2(b)). 
In particular, in case of strong exchange coupling the 
fractional remagnetization of NW is observed even without 
external field (Fig. 2(c)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As an example we simulated the dependence of z-
component of NW magnetization mz (normed on MCo/Pt) on 
external perpendicular magnetic field H for exchange stiffness 
АCo/Pt-Co = 2  10
-11 J/m ( ( )zm H  curve in Fig. 3(a)). An 
external magnetic field was directed upward and increased 
gradually from zero to 300 Oe with 10 Oe increment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The corresponding sequential steps of magnetization 
reversal are demonstrated in Fig. 3(b-e). The color and special 
arrows indicate the direction of magnetization in NW. The 
blue dots (and circle with point) correspond to the upward, 
while the red dots (and circle with cross) correspond to the 
downward magnetization. The NW magnetization reversal 
occurs in two stages. At first step when the field reaches 
H1 = 110 Oe the magnetization is changed in the area near NP 
right edge (Fig. 3(c)) and then the right part of NW is 
remagnetized (Fig. 3(d)). Afterward, when the field H exceeds 
H2 =210 > H1 the NW is remagnetized completely (Fig. 3(e)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The value of the difference between critical fields 
H = Н2-Н1 is an important parameter defining the 
magnetization switching and LC operation. The dependence of 
ΔH  on the exchange stiffness АCoPt-Co is presented in the 
Fig. 4. It is seen, that H is increased with increasing of 
exchange coupling. 
III. NW-NP SYSTEM WITH V-SHAPED NANOPARTICLE 
The shape of the NP plays an important role in the 
processes of magnetization reversal. To control the NW 
remagnetization we considered a special V-shaped NP with 
90° corner (Fig. 5). The NW size was the same while NP area 
was 100×100×10 nm3. The interlayer Co/Pt-Co exchange 
stiffness was chosen as А Co/Pt-Co = 2.0  10
-11 J/m.  
 
 
 
 
 
 
 
 
 
The V-shaped NP has several stable magnetic states, which 
can be switched by external magnetic field. In the first 
configuration (configuration A) the average NP magnetic 
moment is directed along the NW (from left to right).  
(а) 
(b) 
(c) 
FIG. 2. Equilibrium distributions of magnetization in NW-NP 
system for different values of exchange stiffness AСo/Pt-Co.  
(а) АCo/Pt-Co = 0; (b) АCo/Pt-Co = 0.5 10-11 J/m; (c) АCo/Pt-Co = 10-11 J/m. 
 
FIG. 4. The dependence of H = H2-H1 on the Co/Pt-Co exchange stiffness. 
FIG. 3. (а) The dependence of normalized NW magnetization mz on 
external magnetic field in case of magnetostatic NP-NW interaction. (b)-
(d) The distributions of NW magnetization corresponding to the 
sequence stages (I)-(IV) of magnetization reversal. 
FIG. 5. Schematic drawing of V-shaped Co NP on top of Co/Pt NW. The 
NP is indicated by red color. 
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The simulated ( )zm H  curve and corresponding sequential 
stages of the NW magnetization reversal for this case are 
presented in Fig. 6(a-e). The micromagnetic modeling shows 
that magnetization switching starts at the field H1 = 60 Oe in 
the area near the NP "tip" (Fig. 6(c)) because of the local NP 
magnetic field and the remagnetization of NW right part is 
realized (Fig. 6(d)). Further the system remains stable in 
external magnetic field up to H2 = 160 Oe and when H > H2 
the remagnetization of the rest NW part is observed (Fig. 6 
(e)). 
If NP magnetic moment has opposite direction 
(configuration B), as it is shown in the Fig. 7, the NW 
remagnetization begins in the region near the NP "tail". The 
critical fields H1 and H2  are the same as in previous case. 
The third possible situation is shown in Fig. 8. The average 
NP magnetic moment is directed across the NW 
(configuration C). In this case, the NW magnetization reversal 
starts from the region adjoined to the NP "tail" and at the field 
H3 = 60 Oe the remagnetization of the left NW part is realized. 
Further at the field H4 = 120 Oe the NW is remagnetized 
completely (Fig. 8(e)). Note that the field H4 is appreciably 
lower than the field H2 for the previous two magnetic 
configurations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 6. (a) The mz(H) curve for A configuration. (b)-(e) The sequential 
stages of NW magnetization changes under reversed magnetic field 
corresponding to the transitions I - VI of mz(H) curve respectively. 
FIG. 8. (a) The mz(H) curve for C configuration. (b)-(e) The sequential 
stages of NW magnetization changes under reversed magnetic field 
corresponding to the transitions I - VI of mz(H) curve respectively. 
 
FIG. 7. (a) The mz(H) curve for B configuration. (b)-(e) The sequential 
stages of NW magnetization changes under reversed magnetic field 
corresponding to the transitions I - VI of mz(H) curve respectively. 
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1 1 1 
1 0 1 
0 1 0 
0 0 1 
 
(а) 
(b) 
FIG. 11. (a) LC performing logical operation "OR".  
(b) Corresponding truth table. 
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IV. LOGICAL CELLS 
Considered above NW-NP system with V-shaped NP can 
be used for the development of different magnetic LCs. The 
input information of LC is coded as the direction of NP 
magnetization. The output information is coded as the 
magnetization direction at the right NW end. The LC 
operation is based on the following algorithm. In the first stage 
the whole system is magnetized uniformly by the strong 
vertical magnetic field (for definiteness, we assume that the 
system is magnetized upward). Then the input information is 
written to the NP using a local in-plane magnetic field. After 
that the testing magnetic field HT (perpendicular to the sample 
plane) with magnitude H1< HT < H2 is applied to the system 
and output information is read.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In particular, the simplest LC performing operation 
«NOТ» is shown in Fig. 9(a). The corresponding truth table is 
presented in Fig. 9(b). 
The other LCs having more complicated geometry are 
shown in Fig. 10-12. These LCs have Y-shaped NW and two 
input NPs. The logical function of these LCs is determined by 
orientation of NPs relative to NW. As an example we offere 
some LCs performing operation of "IMPLIFICATION" (Fig. 
10), "OR" (Fig. 11) and "NOT-AND" (Fig.12). All these LCs 
were tested with OOMMF simulator.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE I 
Input NP 
magnetization 
Output NW 
magnetization   Boolean value 
 
  
         
  
 
“0” 
 
 
 
 
  
 
“1” 
 
Table 1. The correspondence between directions of input and output 
magnetization and logical “0” and “1”. 
FIG. 12. (a) LC performing logical operation "AND-NOT".  
(b) Corresponding truth table. 
 
FIG. 9. (а) The schematic drawing of LC performing "NOT" operation.  
(b) Corresponding truth table. 
FIG. 10. (a) LC performing logical operation "IMPLIFICATION". 
(b) Corresponding truth table. 
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V. CONCLUSION 
Thus in present paper we considered the peculiarities of 
the magnetization reversal in the planar ferromagnetic system 
consisting of exchange coupled NW with perpendicular 
magnetization and V-shaped NP with in-plane magnetization. 
It was shown that the character of NW magnetization reversal 
and magnitudes of critical fields essentially depends on the 
direction of NP magnetization. Several schemes of magnetic 
LCs performing various logic operations were proposed.  
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